Summary The DNA content of paraffin embedded tumour specimens from 100 children with kidney tumours was studied by flow cytometry. Data of adequate quality were obtained from 93 cases comprising 67 Wilms' tumours with a favourable histology (FH), 12 Wilms' tumours with unfavourable histology (UH) (pleomorphic), 8 bone-metastasising renal tumours of childhood (BMRTC) and 6 rhabdoid renal tumours. Only 4.5% FH compared with 75% UH Wilms' were aneuploid (P<0.001). Although BMRTC and rhabdoid tumours are associated with poor prognosis, there were no examples of aneuploidy in these tumours. The proliferation index was found to be of no prognostic value. Staging and ploidy were not correlated with each other in any of the various histological types of renal tumours studied.
Following the paper of Hedley et al. (1983) describing flow cytometric analysis of DNA using formalin-fixed and paraffin-embedded tissues, numerous studies have been published confirming the application of their method to archival material (Friedlander et al., 1984; Hiddemann et al., 1984; Coon et al., 1986; Douglas et al., 1986; Schmidt et al., 1986; Baildam et al., 1987) . Until then, information on the DNA content of tumours was obtained using either Feulgen microspectrophotometry, which is a painfully slow procedure allowing only a small number of cells to be examined, or flow cytometry, which needed fresh unfixed tissue or karyotyping (Atkin, 1972; Mann & Yates, 1979) . All these DNA studies of tumours have shown a great deal of heterogeneity which was unrecognised by conventional histological examination. The association of DNA content with tumour prognosis and progression has given rather conflicting results (Atkin, 1972; Barlogie et al., 1982; Auer et al., 1984; Cornelisse et al., 1984; Moran et al., 1984; Hedley et al., 1984; Douglas et al., 1985; Kreicbergs et al., 1986; Schmidt et al., 1986; Rainwater et al., 1987) . Some authors have found a correlation of normal diploid DNA content with good prognosis and aneuploidy with poor prognosis. Many other reports have failed to establish any such correlation or else the results were equivocal. Perhaps the most plausible reason for the discrepancy can be attributed to the small number of tumours examined.
At present, overall long-term survival in children with renal tumours is approximately 80%. Histologically it is possible to separate these tumours into two groups, those with favourable or those with unfavourable prognosis. In one large study patients with unfavourable histology represented 7% (84 of 1,200). These, however, accounted for 39.4% of all tumour deaths. The remaining (i.e. 60.6%) deaths occurred in the favourable histology group (Beckwith, 1983 (Figure 1 ). The relative distribution of age and stage is shown in Figure 1 . The histology of all these tumours was reviewed by one of the authors (H.B.M.). The tumours were classified according to Lawler et al. (1975) and Beckwith & Palmer (1978 C The Macmillan Press Ltd., 1989 (UH, stage IV and inoperable (presumed stage III)). FH stage I received vincristine (Vin) alone, stage II FH were treated with Vin and actinomycin D (Ac) and radiotherapy. FH stage III operable received radiotherapy, and Vin, adriamycin (Ad) and Ac. Stage IV and UH received four drugs (Vin, Ac, Ad and cyclophosphamide). The median follow-up period was 40 months (range 0-89 months).
Flow cytometry
In order to obtain nuclear suspension, 30,pm thick sections of formalin-fixed, paraffin-embedded tumours were processed following the method of Hedley et al. (1983) . Sections were transferred to glass centrifuge tubes, dewaxed twice for 10min each in xylene and rehydrated successively in 100, 95, 70 and 50% ethanol followed by two changes of distilled water. The rehydrated sections were digested with 1 ml of pepsin (Sigma; 0.5% adjusted to pH 1.5 with HCI) at 37°C in a water bath for 30 min. The action of pepsin was enhanced by gentle vortex mixing. Enzyme digestion was continued for up to 1 h on sections that failed to yield an adequate suspension. To the suspension, 5 ml of cold medium RPMI 1640 was added and it was centrifuged for Omin at 700g (4°C). The pellet was again washed with 5 ml of RPMI and the resulting pellet resuspended in 1 ml 4', 6'-diamidino-2-phenylindole dihydrochloride (Sigma DAPI in RPMI; Mg ml-1). The cell suspension was filtered through 35 pm nylon cloth. The nuclear DNA of 30,000 cells was measured using a Coulter EPICS V with 2020 Spectra Physics Laser. The power employed was 150MW excitation being 357 nm and emission over 408 nm.
DNA aneuploidy was defined as the presence of more than one GO/G, peak (Hiddemann et al., 1984) . In these tumours the DNA index represented the ratio of the modal channel number of the DNA aneuploid GO/G1 peak to the peak modal channel number of the diploid GO/G1 Figure 4 , where it is apparent that the DNA content failed to show any significant influence on the survival. The data for the distribution of cells in the S phase of cell cycle and PI are shown in Figure 5 . The percentage cells in S ranged from 0.3 to 22.9% (median 10.1) and PI varied from 0.9 to 35.7% (median 17.0). PI in all nine BMRTC was less than the median, whereas four of six rhabdoid renal tumours had high PI. There was no difference in either S or PI levels for the matched pairs of FHD and FHA.
The distribution of staging and ploidy when examined, showed no significant correlation (Table III) . Interestingly, in the UH group, in stage I and II patients, while only one of nine tumours was aneuploid in advanced stage (III, IV and V) patients, eight of 17 tumours were aneuploid. Neither S phase nor PI correlated with stage of the disease.
Discussion
Our results on DNA ploidy showed the existence of heterogeneity both among various histological types of childrens' renal tumours, and also within a histological group. The degree of heterogeneity in DNA content clearly was variable. The validity of the flow cytometry technique and a summary of the histological classification will be discussed before considering the prognostic relevance of these results.
Extracellular matrix and stromal cells are important components of all solid tumours and the proportion of stromal cells can vary greatly from tumour to tumour and even within a tumour (Dvorak, 1986; Grobstein, 1953; Hay, 1981; Jain, 1987; Sandstad & Hartveit, 1987; Toole et al., 1987) . A limitation of DNA measurement using flow cytometry is that it measures DNA of all cells, neoplastic and non-neoplastic. In contrast, using microdensitometry it is possible to limit examination to apparently neoplastic cells. That the DNA from contaminating stromal cells in the Channel no.
--1 . For instance, the 2-year survival rate in children with focally anaplastic Wilms' tumour in the first National Wilms' Tumour Study was 60% compared to 20% for those with diffuse anaplasia and 95% who had typical Wilms' tumour with no anaplasia (Beckwith, 1983) . In the past both BMRTC and malignant rhabdoid renal tumours have been associated with poor prognosis . From (Kumar & Arnold, 1986) . Further studies are required which should be designed to answer these possibilities.
